of selenium and transferred to anaerobic medium during exponential growth. S. barnesii was grown using a N 2 :CO 2 (80:20 v/v) headspace instead of N 2 . R. rubrum was grown under light. Selenium nanoparticles were harvested in all batches in the late stationary phase, since formation in R. rubrum occurs during the latter [5] . As a control, lysed cells and culture medium were incubated with conventionally synthesized elemental selenium (from now on referred to as "non-biogenic"; Sigma Aldrich, Buchs, Switzerland). For this, pure cultures were grown in the absence of selenium oxyanions and subsequently lysed by means of an ultrasonic probe (Labsonic M, Sartorius, Tagelswangen, Switzerland).
High affinity proteins associated with elemental selenium (biogenic, non-biogenic) were isolated from low affinity / not associated proteins and residual biomass using densitybased centrifugation in sodium polytungstate solution (SPTS) modified after [10, 13] . Batch medium (50 mL) was centrifuged (30 min; 5,000 g), pellets washed twice with tris-buffer (50 mM, pH 7.2) and transferred to the top of SPTS (density 3 g / mL) (TC Tungsten Compounds, Grub, Germany). Samples were then subjected to low-speed centrifugation (30 min, 2,000 g), the supernatants containing low affinity / non associated proteins and biomass were discarded and the pellets transferred into tubes containing fresh SPTS. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was used to separate proteins following standard protocols [6] . SYPRO® Orange (LOD 1 to 2 ng / band) ( Figure 1 ) and Colloidal Blue staining (LOD <10 ng / band) revealed a number of protein bands for all microbial species used. Most abundant protein bands were found between 23-60 kDa (B. selenatarsenatis, Figure 1A ), 61-69 kDa (R. rubrum, Figure 1B) and 52-80 kDa (S. barnesii, Figure 1B ) apparent molecular weights. [17] . The MS/MS spectra were searched against the NCBI data bank (using the (Table 1) . Furthermore, we could firstly demonstrate that non-biogenic selenium as well associates with a number of proteins produced by dissimilatory selenium reducers. Taking into account the total number of proteins expressed in the studied organisms, it is striking that several proteins were found on both biogenic and non-biogenic particles. For silver nanoparticles contacted with E. coli cell free extracts, it has been shown that proteins associated did not simply reflect the most abundant
proteins, yet are due to higher affinities of some proteins to the particles in contrast to others . In this regards, it is most striking that t [18] he protein with the highest number of peptides matched in this study was the so called "metalloid reductase RarA" found on both biogenic (S. barnesii) and non-biogenic selenium nanoparticles of (Table 1) .
Numerous peptide motifs, so called aptamers, have to date been described to specifically bind inorganic nanomaterials, amongst others chalgogen based (CdS, PbS, ZnS) and metallic (Au, Ag, Si, etc.) nanomaterials, yet not elemental selenium ( [16] and references therein). It may thus well be that the metalloid reductase RarA found in this study, contains a natural peptide motif conferring its high affinity to elemental selenium. Such peptide motifs are of high interest, since they can be used to bind elemental selenium surfaces in particular applications -e.g. in bioremediation. Here, a current technically unresolved challenge is to remove the nanosized biogenic selenium from the aqueous phase [7] . Although its name suggests a selenate reducing enzymatic activity, unfortunately at present no further information is available regarding the enzymatic [15] .
Furthermore, we were able to identify proteins with additional anticipated functional roles in selenium reduction in spatial association with the formed bionanominerals. Such proteins include, next to the metalloid reductase RarA, proteins involved in electron transport during microbial respiration, peptides with reactive thiol functional groups and enzymes involved in reactive oxygen species degradation (Table 1) .
For S. barnesii, we first observed respiratory electron transport chain proteins associated with the bionanominerals, i.e. a nickel-dependent hydrogenase and an aldehyde ferredoxin oxidoreductase. This can be interpreted in the way that electrons necessary for reduction of selenate can be supplied by the hydrogenase. This has been described for microbial reduction of other toxic oxyanions [1] . Then, electrons can be transferred via ferredoxin, like that shown for selenate reduction in Synechocystis and selenite reduction in Clostridium [9] [19]
.
Selenite can be reduced to elemental selenium by reaction with reactive thiol groups of proteins / peptides in the so called "Painter-type" reaction, which has been suggested as a general microbial detoxification reaction to oxyanions [3] . The latter idea might be further supported by this study, since we were able to identify peroxiredoxins in B.
selenatarsenatis, which can contain such catalytic cysteine-thiols [2, 14] . [3, 4] . The same general detoxification role applies to NADH peroxidase found in the non respiratory selenium reducer, R. rubrum.
This study shows that selenium nanoparticles can be associated with a plenitude of high affinity proteins, despite their microbial origin and / or biogenic character. It is important to note that identification of proteins associated with selenium nanoparticles critically depends on the successful isolation of proteins associated intrinsically from adventitiously associated proteins that are potentially co-purified in the density-based centrifugation in SPTS. In this regards, the modification of the centrifugation procedure as applied in this study allowed firstly to definitively distinguish between these protein fractions, since selenium free controls did not show any protein bands in the SDS gels (Figure 1) . Indisputably, the protein modification on the selenium particles will change the physico-chemical properties of the selenium solid to some extent and in consequence influence the environmental fate of selenium, like demonstrated for other bionanominerals [10] . Consequently, this study represents a very first step only to understand the mechanisms underlying the formation of such associations. The high affinity proteins identified here might be used to design specific probes for e.g. Proteins with anticipated role in selenium reduction are highlighted in grey color. 
